Combined linkage analysis and exome sequencing identifies novel genes for familial goiter.
Familial goiter is a genetic disease showing heterogeneous expression. To identify causative genes, we investigated three multigenerational goiter families with an autosomal dominant inheritance pattern. We performed genome-wide linkage analysis on all the families, combined with whole-exome sequencing in two affected individuals from each family. For linkage analysis, we considered loci with logarithm of odds (LOD) scores >1.5 as candidate regions for identification of rare variants. In one of the families, we found two rare heterozygous missense variants, p.V56M in RGS12 and p.G37D in GRPEL1, which segregate with goiter and are both located within the same haplotype on 4p16. This haplotype was not observed in 150 controls. In the other two families, we identified two additional rare missense variants segregating with goiter, p.A551T in CLIC6 on 21q22.12 and p.V412A in WFS1 on 4p16. In controls, the minor allele frequency (MAF) of p.V412A in WFS1 was 0.017 while p.A551T in CLIC6 was not detected. All identified genes (RGS12, GRPEL1, CLIC6 and WFS1) show expression in the human thyroid gland, suggesting that they may play a role in thyroid gland function. Moreover, these four genes are novel with regard to their involvement in familial goiter, supporting genetic heterogeneity of this disease.